Using electronic states and phonon states from the first-principles calculations and including both conventional electron-phonon charge coupling and Jahn-Teller coupling, we predict Tc and other superconducting properties.
The only adjustable parameter in the theory is the screening length, R. Using Rsc = 0.8-1.0 A, we rind excellent agreement with experiment for Tc (16-18 K) , pressure dependence of Tc (ATC = -6 to -10 K for 1 GPa), and 12C to 13C isotope shift (ac = 0.2); experimental values: 19 K, -7 K, and 0.3, respectively.
A number of superconducting alkali compounds of C60 (M3C60) have been synthesized (1) (2) (3) (4) (5) , leading to transition temperatures Tc from 2.5 K to 33 K. Several quite different mechanisms (6) (7) (8) (9) (10) (11) (12) have been proposed to explain the superconductivity in these materials.
A suggestion by Lannoo et al. (6, 7) , Johnson et al. (8) and Varma et al. (9) is that dynamic Jahn-Teller (JT) coupling involving high-frequency intramolecular vibrations strongly scatter electrons near the Fermi surface, leading to superconductivity. On the other hand, Zhang et al. (10) estimated various contributions to the electron-electron interaction in K3C60 and argued that the K+ optical-phonon modes induce a strong attraction that is the main source of superconductivity. In addition to phonon-mediated electron-pairing mechanisms, Chakravarty et al. (11) and Baskaran and Tosatti (12) argue that two electrons may pair by electron-electron exchange and correlation on a single C60 molecule.
Hamiltonian and Electron-Phonon Couplings
We present here a first-principles, quantitative study of the superconductivity K3C60, using the Hamiltonian equation where Vei(r) = exp(-r/Rc)/r is the screened electron-ion coulomb interaction with screening length Rsc, R(°) is the equilibrium position of the ath ion in the nth unit cell, and ARna is its displacement, : Mk'kiCk"Ck(a'qj + qj) [6] e-iGR, fVei(q + G)g(a lqj)
Abbreviations: LDA, local density approximation; JT, Jahn-Teller.
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As indicated in Fig. 1 Table 1 .
Results
Now defined are all quantities required to calculate the T, from Eq. 11. Table 2 Ee and Wph are the characteristic energy of conduction electron and phonon, respectively, and V, = (4ire2/(k2 + q 2)) is averaged over the Fermi surface. We take Ee = E. = 0.6 eV (the bandwidth) and (0ph = WlogPhysics: Chen and Goddard Proc. Natl. Acad. Sci. USA 90 (1993) IRef. 3. IIRefs. 23-25. ttRef. 26. properties for various values of R... These calculations use the density of states N(O) = 11.5 from our tight-binding calculations. The susceptibility and critical field (23) suggest that N(0) -10-15, whereas NMR measurement (24) gives N(O) -20. An early photoemission experiment (25) reported that N(O) = 1.9, which may be low due to the surface sensitivity of these experiments.
We see that RC = 0. Using our force field, we calculated directly the equilibrium structure (allowing buckling of the buckyballs) and phonons for P = 1 GPa and recalculated A(co). Here we used the LDA results (27) A second significant test is the shift of T, with isotope substitution. Experiments lead to ac = 0.30 ± 0.06 for K3C60 (28) and ac = 0.37 + 0.05 for Rb3C60 (29) [an early report (30) of ac = 1.4 ± 0.5 may be inaccurate]. We recalculated all phonon states and A(w) for both 12C -* 13C and for 39K -+ 41K. The resulting cac = 0.15 and 0.16 for RSC = 0.8 and 1.0 A are in reasonable agreement with experiment (28-30), but R., outside this range would lead to cac in clear disagreement with experiment. A test here would be to measure aK, which we predict to be 0.12-0.23.
Discussion
Our conclusion is that the superconductivity of K3C60 is explained quite well by the Q-JT electron-phonon coupling mechanism including both HeQh and HJr (with RSC ;0.8 to 1.0 ). To test whether either HeQh or HJTh is sufficient, we carried out the same calculations using only one coupling. (28) (29) (30) . Including only JT with RSC = 0.5 A leads to T, = 1.5 K (which goes to zero for higher Rj) and a negative value of ac, also in disagreement with experiment (28) (29) (30) ; these results for JT alone differ from ref. 9 because they used a smaller, fixed value of ,u*.
The conclusion here is that synergy between HeQp and HJTph leads to the special properties of buckyball superconductors.
In the range RS = 0.8-1.0 A, AQ/AJT 0. Summarizing, we find that a combination of the charge and JT electron-phonon couplings are responsible for the superconductivity in K3C60. This explains Tc, ATc(l GPa), and ac (and predicts aK). More definitive tests of this Q-JT mechanism will be the prediction of Tc for various mixed alkali systems (2-5) where Tc ranges from 2. Physics: Chen and Goddard 
